INTRODUCTION
The issue of examining risk adjustment for beneficiaries jointly eligible for the Medicare and Medicaid programs is important from multiple perspectives. The Federal Government is beginning a major reform in its Medicare managed care program to promote new managed care enrollment options and to develop a more equitable reimbursement system. Some States are also contemplating changes in how they might better serve the dually eligible population by integrating acute and LTC.
In each of these efforts, there is a need to understand the underlying health status of the populations being served so that payments can be set to ensure that the sickest groups receive adequate payment. Because of dually eligible beneficiaries' high level of disability and cost, there are substantial risks for both paying too little and promoting beneficiary underservice or paying too much and wasting limited government resources. In the States' efforts, there is the additional need to understand the full range of medical and social services their beneficiaries are receiving under public programs and to determine how best to measure these needs in setting capitation rates. Both these efforts suggest that understanding and quantifying the need for services among enrolled beneficiaries will be an important component of the future delivery and payment system.
The Medicare reform legislated through the 1997 Balanced Budget Act creates the Medicare+Choice program, expanding the range of managed care choices available to Medicare beneficiaries. It also requires HCFA to develop risk-adjusted Medicare capitation payments by January 2000. Without an adequate risk-adjustment system for making capitation payments to managed care plans, there is serious concern as to whether the Medicare+Choice program will endanger access and quality of care to high-risk beneficiaries (Medicare Payment Advisory Commission, 1998; Swartz, 1998) .
Dually eligible beneficiaries are among the most vulnerable of these high-risk populations. They are more often females and minorities and consume disproportionate shares of both programs' resources (Feder, 1997) . In 1995 dually eligible beneficiaries made up 15 percent of Medicare enrollees (Physician Payment Review Commission, 1997) and consumed 30 percent of Medicare expenditures (Health Care Financing Administration, 1997) . In the Medicaid program, they made up 15 percent of all enrollees (Physician Payment Review Commission, 1997) and consumed 35 percent of all expenditures (Health Care Financing Administration, 1997) .
Dually eligible beneficiaries receiving chronic LTC services are an even more vulnerable group. Being deemed at risk of institutionalization requires either a functional-status evaluation with a defined level of disability (such as limitations in two or three activities of daily living [ADLs] ) or a physician's certification. Twenty-eight percent of all dually eligible beneficiaries are estimated to have limitations in more than two ADLs, compared with 6 percent of the Medicare population excluding the dually eligible beneficiaries (Feder, 1997) , and 19 percent of the dually eligible beneficiaries report having poor health status compared with 8 percent of other Medicare beneficiaries (Physician Payment Review Commission, 1997).
A parallel current at the State level is pushing toward integration of Medicaid and Medicare services for dually eligible beneficiaries. Faced with two disparate systems for delivery and payment of services with often perverse incentives promoting high-cost institutional care over consumer-desired home care ser vices, States are beginning to consider whether they should take a more aggressive management role for their dually eligible Medicaid beneficiaries. Medicaid programs in Arizona, Colorado, Connecticut, Florida, Maine, Massachusetts, Minnesota, New Hampshire, New York, Oregon, Rhode Island, Texas, Vermont, and Wisconsin have seriously considered, planned, or implemented programs that attempt to integrate care, and in some cases funding, for Medicare and Medicaid ser vices (Booth, Fralich, and Saucier, 1997; Kaye and Fralich, 1998; Meiners, 1998) . Successful implementation of these programs requires, among other things, a way to set capitation payments to providers so that the payments reflect the needs of those served.
This study is an exploratory look at the use of the diagnostic cost group (DCG) risk-adjustment methodology planned for use by HCFA in implementing risk adjustment in 2000 (Greenwald et al., 1998) . Both Medicare and total (Medicare plus Medicaid) expenditures for dually eligible beneficiaries receiving chronic LTC services are examined. Also examined is how the addition of functional-status measures and other variables (placement, urban status, ethnicity, cash-assistance status, State) contribute to the explanatory power of the risk-adjustment models.
DATA
This study focuses on elderly and physically disabled dually eligible beneficiaries in the Arizona Long-Term Care System (ALTCS) and New Mexico's Medicaid LTC fee-for-service (FFS) program. All of these individuals were assessed to be at risk of institutionalization by their respective Medicaid programs and were receiving home care or nursing home care. Data for Arizona and New Mexico beneficiaries were available in a data base previously constructed for the evaluation of the ALTCS. This data base contains Medicare and Medicaid utilization, enrollment, and assessment information for the 21-month period from January 1, 1991 , through September 30, 1992 . During this time period, the Medicaid LTC programs in Arizona and New Mexico covered a similar array of services, including both nursing home care and home and community-based services. Assessment data for ALTCS beneficiaries are from a computerized system maintained by the State. This system contains detailed assessment information from an 18-page State-applied pre-admission screening instrument measuring functional (including ADLs and instrumental activities of daily living), psychosocial, and medical needs. These data are available for all ALTCS enrollees. The assessment used in this study is the one performed closest to the midpoint of the individual's enrollment during the study period. 2 New Mexico assessment information is more limited in the scope of what was collected and the people for whom it was collected. The assessment instrument is a one-page hardcopy form completed by the nursing home staff or a licensed physician and sent to the New Mexico professional review organization, contracted by the State to determine medical eligibility. The form includes information on ADL limitations (using different level definitions than Arizona) and medical conditions. The study team coded these data from hard-copy forms stored in the warehouses of the New Mexico professional review organization for a subset of the study population, specifically clients identified to be new admissions to the New Mexico LTC program during 1990 or 1991. As in Arizona, the assessment closest to the date of the midpoint of the individual's enrollment period is used.
The study population was restricted to elderly and physically disabled dually eligible beneficiaries who had a full year of dual eligibility in calendar year 1991 and at least 1 month of eligibility in 1992. This resulted in a total of 4,915 ALTCS beneficiaries and 3,019 New Mexico beneficiaries. Two-thirds (or 5,271) of the beneficiaries had assessment data available. Of these, more than 90 percent (4,824) were Arizona beneficiaries.
METHODOLOGY
In this study we explore how well the existing DCG risk-adjustment models predict expenditures for dually eligible beneficiaries at risk of institutionalization. Both 1991 expenditures (concurrent) and 1992 expenditures (prospective) are predicted as a function of beneficiary characteristics in 1991, the base year. Expenditure measures include Medicare expenditures as well as total Medicare and Medicaid expenditures. Medicare expenditures are measured by summing Medicare paid amounts. Total expenditures are equal to Medicare-allowed amounts plus Medicaid paid amounts for non-crossover services. 3 Dollar amounts used for the Arizona encounter data are the amounts that the program would have paid if the service had been delivered by a FFS provider and not through one of its capitated contractors.
1 Combining Medicare and Medicaid utilization data was complicated by the two States' different systems for handling joint Medicare/Medicaid (crossover) claims. In addition, the crossover indicator in Arizona was incorrectly coded in the encounter data during the study period. In order to correct ALTCS encounter data for crossover activity, all services received by a given beneficiary with the same service type and service date as a service in the Medicare data files were excluded from the ALTCS data. For consistency, this exclusion was also performed for the New Mexico data.
DCG Models
The study uses DCG models designed for the Medicare population as implemented in DxCG Software, Release 3. The DCG system is one of a number of risk-adjustment systems that rely on demographic and diagnostic information available on administrative data to predict resource use. The DCG methodology has evolved over the years incorporating increasingly more information (Ash et al., 1989; Ellis and Ash, 1995-96; Pope et al., 1998b) . Most notably the first models used only inpatient diagnoses, whereas currently inpatient and ambulator y diagnoses can be used. Although the original model was developed for Medicare, the system has since added models for Medicaid and commercial populations.
Other risk-adjustment systems with similar data requirements include the ambulatory care groups methodology originally developed for Medicaid primarily as an ambulatory case-mix adjuster for non-aged populations and subsequently expanded Weiner et al., 1991; Weiner et al., 1996) ; and the disability payment system developed for the disabled Medicaid population (Kronick et al., 1996) . In addition, other systems using surveybased data have been developed and evaluated (Gruenberg, Kaganova, and Hornbrook, 1996; Pope et al., 1998a) , but these have disadvantages in terms of their data requirements. This study focuses on the DCG methodology because of its probable use by HCFA for implementing risk adjustment in the year 2000.
Two variants of the DCG models are examined, the PIPDCG model and the HCC model. As a comparison to the PIPDCG and HCC models, the software also includes models based only on age and sex. All models rely on demographic and diagnostic information available from administrative data to predict costs in either the current or subsequent period. The models were developed using claims data for 1991 and 1992 on a 5-percent national Medicare sample of approximately 1.4 million beneficiaries (the "benchmarkMedicare" sample).
The PIPDCG model classifies individuals based on their age, sex, and principal inpatient diagnoses.
Individuals are assigned to a single category representing the most significant medical problem recorded (the inpatient diagnosis associated with the highest future costs). Only a single diagnosis per inpatient stay is used. An advantage of the PIPDCG model is that it requires a fairly limited set of data (i.e., age, sex, and one International Classification of Diseases, 9th Revision, Clinical Modification [ICD-9-CM] diagnostic code per inpatient stay). However, with only a single inpatient diagnosis, it cannot capture the full picture of a person's health status because it does not include medical problems treated exclusively in the ambulatory setting and information about multiple problems. This may be especially problematic for the elderly and disabled who tend to have multiple chronic problems.
The HCC model incorporates all inpatient and outpatient diagnoses (except those reported on laboratory and other ancillary tests, encounters with non-clinicians, and durable medical equipment claims). Individuals are assigned to condition categories that are groups of diagnostic codes based on clinical condition and expected resource use. Within a disease, a person is assigned only to the condition category associated with the most serious manifestation of the disease process, however, assignments are made for each distinct disease. By assigning individuals to multiple categories, the HCC methodology recognizes the cumulative effects of multiple problems.
Study Design
The study is composed of three parts. In the first part, we examine the predictive accuracy of DxCG software's predicted Medicare expenditures, 4 comparing them against actual expenditures and calculating various measures of predictive accuracy. Predictions are made for the PIPDCG model and the HCC model applied both concurrently and prospectively, as well as the prospective age-sex model.
In the second part, we examine demographic-calibrated 5 results obtained by using the relative risk scores produced by the DxCG software (i.e., the individual's predicted resource use relative to the average predicted resource use of the population) and age-sex groups in ordinary least squares regressions run on the Arizona and New Mexico sample data. 6 This is done for the PIPDCG and HCC models applied concurrently and prospectively and for both Medicare and total (Medicare plus Medicaid) expenditures. For the baseline age-sex model, expenditures are regressed against dummy variables for each of the age-sex groups. Regressions are weighted by the number of months of eligibility during the year.
In the third part, independent variables for functional status and other characteristics of interest such as placement in home or nursing home care, ethnicity, cash-assistance status, urban status, and State are incorporated into the demographic calibration models to see if they improve the models' predictive power. These are measured in the base year, 1991. Predictions are calculated only for the subset of the sample for which functional-status data were available. Functional status is specified by three variables: the number of ADLs for which the beneficiary is independent, the number of ADLs for which the beneficiary is totally dependent, and a dummy variable indicating mental disorientation. ADLs examined are bathing, eating, mobility, transferring, and toileting. The placement variable is specified as home care (reference group), nursing home, or mixed (i.e., both nursing home and home care placement during the base year). Cash assistance is a dummy variable indicating that the beneficiary received cash assistance for more than 50 percent of the year. Ethnicity is entered as a dummy variable indicating the beneficiary is of white, non-Hispanic origin. Urban is a dummy variable indicating whether or not the beneficiary resides in an urban area, and State is a dummy variable indicating residence in Arizona.
Measures of predictive accuracy at the individual level are the R 2 , mean absolute prediction error, the standard deviation of the absolute prediction error, and the percent of absolute prediction errors within specified dollar ranges. In assessing a model's explanatory power at the individual level, it is important to bear in mind that models do not have to explain 100 percent of the variation. Many high-cost acute medical conditions are by nature unpredictable in a given year. Researchers have estimated that only between 15 and 25 percent of the variation in total costs can be explained by even the best prospective models (Dunn et al., 1996; Newhouse, 1994; Ellis et al., 1996a) .
Also examined are predictive ratios for various subgroups. The predictive ratio is equal to the sum of predicted expenditures for a group divided by the sum of actual expenditures for the same group. The closer HEALTH CARE FINANCING REVIEW/Winter 1998/Volume 20, Number 2 75
5 The demographic calibration model is one where prediction = a + b (y) + c (demographic factors), and a, b, and c are determined by the new data. Y is the relative risk score predicted by the software. 6 A better technique would have been to use a split-sample design, where one-half of the sample is used for parameter estimation and the other half to make predictions. However, this was not feasible given the sample size. Because predictions are based on sample-derived parameter estimates, their predictive power may be overstated due to overfitting.
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the ratio is to 1.00, the better the implied predictive accuracy. Subgroup predictive ratios are important to examine because subgroups that are underpredicted are those for which capitated plans have financial incentives to selectively avoid enrolling. Overpredicted subgroups are ones for which the financial incentives are to selectively enroll members of the subgroup. Subgroups examined are levels of expenditures in the base year (divided into quartiles), placement, age, sex, number of ADLs requiring total assistance, mental disorientation, and number of inpatient hospitalizations.
DESCRIPTION OF THE STUDY POPULATION
Beneficiar y Characteristics Table 1 shows the age and sex compositions of the sample of Arizona and New Mexico elderly and physically dually eligible beneficiaries assessed to be at risk of institutionalization and receiving home care or nursing home care (the at-risk sample) and the benchmark-Medicare sample. Not surprisingly, the at-risk sample skews toward the older age ranges and is predominately female (76 percent). Seventysix percent of the at-risk sample were at least 75 years of age, with 41 percent 85 years or over. Beneficiaries in the at-risk sample were notably older than those in the benchmark-Medicare sample. The mean age of the at-risk beneficiaries was 80 years, compared with 72 years for beneficiaries in the benchmark-Medicare sample. The two populations also differed in their sex distribution, with the at-risk population having 17 percent more females. Of special note, 35 percent of the at-risk sample were females 85 years of age or over, compared with only 8 percent of the benchmark-Medicare sample. Table 2 shows the percent distributions of selected functional and demographic characteristics for the at-risk sample in the base year. The distributions reveal a population that, on average, had considerable functional limitation. Functional-status data were available for approximately two-thirds of the sample. Of these beneficiaries, 59 percent had total assistance needs in at least one ADL, with 32 percent requiring total assistance in three or more ADLs. Only 12 percent were independent in at least three of the five ADLs examined. Eighteen percent had a positive indicator of mental disorientation.
Eighty-three percent of the beneficiaries resided in a nursing home for all of 1991, compared with 12 percent who received home care and 5 percent who changed placements during the year. The majority (74 percent) of the beneficiaries were white, and only 11 percent received cash assistance. Urban residents accounted for 57 percent, and Arizona beneficiaries comprised 62 percent of the sample. Rates per 10,000 for the 30 most common condition categories in the at-risk sample are shown in Table 3 . These conditions are the basis of the HCC categories. The rates reflect the total counts of individuals who had a condition, whether or not they also had a more serious manifestation of that condition. For example, a person with both 050: heart attack and 057: hypertension is counted in both categories.
More than 3 in 10 at-risk beneficiaries were categorized as having other dermatological disorders (such as cellulitis or abscess) or other musculoskeletal and connective tissue disorders (such as gout or osteoarthritis). One of the more notable differences between the at-risk and benchmark-Medicare samples was for dementia (2,880 per 10,000), which was more than six times as common among atrisk beneficiaries. The at-risk sample also had a significantly higher incidence of psychosis and high-cost mental disorders (2.7 times), and depression and moderate-cost mental disorders (3.3 times). Some of the other conditions for which rates were higher for the at-risk sample included neurological conditions such as Parkinson's disease (3.3 times) and high-and low-cost cerebrovascular disease (2.3 times). Included among conditions for which the at-risk sample had lower rates compared with the benchmark-Medicare sample were conditions related to cancer; hypertension; and screening, observation, and special exams.
Expenditures
The at-risk sample's mean actual expenditures in 1991 were $3,827 for Medicare and $25,064 for Medicare plus Medicaid (Table 4) Dollars have not been adjusted to account for the differential costs of service provision in different geographic regions. Ellis et al. (1996b) found that incorporation of a geographic adjustment based on input prices from Medicare's prospective payment system's area hospital wage index and the Medicare fee schedule geographic adjustment factor for physician payment had little effect on the explanatory power of the HCC model, increasing the R 2 only from 8.62 percent to 8.88 percent. Table 4 shows the distribution of 1991 expenditures by service type for the at-risk sample. Combined Medicare plus Medicaid expenditures were more than 6.5 times as high as those reported only for Medicare. Nursing facility dollars accounted for 87 percent of this difference. Another 8 percent was attributable to home and communitybased services and drugs, neither of which is covered by Medicare. Although inpatient services accounted for 44 percent of Medicare expenditures, these services represented only 8 percent of total expenditures.
RESULTS

Uncalibrated Models
Individual Predictive Accuracy The mean absolute prediction error, which minimizes the effect of a relatively small number of individuals with large prediction errors, is smallest for the PIPDCG concurrent model and largest for the agesex prospective model. It is almost identical for the PIPDCG and HCC prospective models. The standard deviation of the absolute prediction error, which describes how dispersed the prediction errors are around the mean, is very large for all of the prospective models. For the concurrent models, it is smaller for PIPDCG than HCC.
With respect to the distribution of the errors, the concurrent models have proportionately more predictions that are within $1,000 of actual: 65.9 percent for the PIPDCG concurrent model and 37.1 percent for the HCC concurrent model. The prospective age-sex model has the smallest percentage of errors within $1,000, only 5.5 percent. The percentage for the PIPDCG prospective model is 6.6 percent and slightly better at 6.9 percent for the HCC prospective model. At the other end of the distribution, the prospective PIPDCG model has the largest proportion of absolute errors greater than $10,000, 12.3 percent, compared with 11.0 percent for the prospective HCC model and 9.8 percent for the age-sex model. The concurrent PIPDCG model has 5.7 percent of its absolute errors greater than $10,000, and the HCC concurrent model has 6.4 percent. Thus for Medicare expenditures for this study population, the PIPDCG concurrent model is explaining more individual variation than the HCC concurrent model. The HCC prospective model is explaining more individual variation than the PIPDCG prospective model. The individual predictive accuracies (R 2 values) estimated by both prospective models for Medicare expenditures are less than one-half those that have been observed for the general Medicare population (DxCG, Inc., 1998) as shown in Table 6 .
Group Predictive Accuracy Table 7 shows group predictive ratios for subgroups for Medicare expenditures. A predictive ratio closer to 1.00 indicates better prediction; a ratio greater than 1.00 indicates overprediction, and less than 1.00 indicates underprediction. Subgroups examined are defined by placement (nursing home or home care), sex, age, number of ADLs needing total assistance, mental disorientation, level of base-year expenditures (divided into quartiles), and hospitalization experience in the base year.
In general all of the models tend to overpredict Medicare expenditures for nursing home placements, females, those 80 years of age or over, those with mental disorientation, those having lower expenditures and, in the HCC model, those with greater numbers of ADL limitations and those with no hospitalizations. In the PIPDCG model, those having no hospitalizations are underpredicted. This pattern would be expected because the PIPDCG model uses inpatient diagnoses only. The largest overprediction is for the lowest expenditure quartile and the largest underprediction is for the highest expenditure quartile.
Demographic Calibration Models
Demographic calibration of the DCG model involved regressing actual expenditures against the relative risk scores generated by the DxCG software and age-sex variables and examining the individual and group predictive accuracy. This is done both for Medicare and total (Medicare plus Medicaid) expenditures. Results for individual predictive accuracy of the demographic calibration models are shown in Table 8 and group predictive accuracy in Tables 9 and 10 .
Medicare Expenditures
Both the concurrent and prospective PIPDCG and HCC models improve their individual predictive power over that obser ved for the benchmark-Medicare sample estimates (Table 5 compared with  Table 8 ). All of the R 2 values increase, especially for the prospective models. The The pattern of overprediction and underprediction for subgroups in the calibrated models is similar to that observed for the benchmark-Medicare model (Table 7 compared with Table 9 ). Overprediction is generally observed for those in nursing homes, those experiencing mental disorientation, and those with lower expenditures in the base year. The amount of variation by subgroups between predicted and actual expenditures for the calibrated versus the benchmark-Medicare model seems to, for some subgroups, become narrower and wider in other cases. In the PIPDCG models, demographic calibration results in more underprediction for the highest expenditures group and for the most ADLimpaired group.
Total Expenditures
These measures for total expenditures are shown in Table 8 . The demographic calibrated models explain 25 percent of the variation in both the concurrent PIPDCG and HCC model. These models explain 2.9 percent of the variation in the prospective PIPDCG model and 5.7 percent of the variation in the prospective HCC model.
Mean absolute prediction errors and standard deviations of the absolute prediction error for total expenditures are higher than those for Medicare expenditures. For total expenditures, the PIPDCG concurrent model has the lowest mean absolute prediction error while the age-sex prospec- Table 9 Predictive tive model has the highest. The HCC models have smaller standard deviations of the absolute prediction error than the PIPDCG models. The proportion of absolute prediction errors within $1,000 of actual expenditures ranges from 10.8 percent for the HCC prospective model to 16.3 percent for the PIPDCG concurrent model. A little more than 80 percent of the absolute prediction errors are within $10,000 for the concurrent models versus slightly less than 70 percent for the prospective models. These measures for subgroups for total expenditures are shown in Table 10 . Nursing home beneficiaries, those at higher levels of ADL disability, with mental disorientation, in the highest quartile of use, and having two or more hospitalizations are consistently underpredicted in both the concurrent and prospective PIPDCG and HCC models. The group with the largest underprediction is the group with three or more ADLs, where the HCC concurrent model underpredicts their use by 24 percent. The biggest overprediction is for home care beneficiaries across all models. The models all overpredict by 55-66 percent.
Functional Status and Other Variables
Approximately two-thirds of the study population had information on functional status available. For these individuals, concurrent and prospective age-sex, PIPDCG and HCC demographic calibrated models were estimated. Next, these models were estimated including functional-status variables (number of independent ADLs, mental disorientation, number of totally dependent ADLs). Finally, the models were estimated including functional status and other variables (i.e., placement, ethnicity, cash assistance, urban status, and State). R 2 values for these models are shown in Table 11 . 7 For Medicare expenditures, the R 2 values are slightly larger for all the models except the HCC concurrent model than those reported in Table 8 for the full population. For total expenditures, R 2 values are larger in all the models for those having functional-status information, compared with the R 2 values reported for the full population.
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For Medicare expenditures, addition of the functional-status variables slightly improves the predictive power of all the models. The R 2 increases by less than 1 percent in the two concurrent models (from 48.55 percent to 48.59 percent in the PIPDCG model and from 31.72 percent to 32.03 percent in the HCC model); the R 2 increases by a slightly larger amount, 4 percent, in the two prospective models (from 6.38 percent to 6.62 percent in the PIPDCG model and from 6.13 percent to 6.36 percent in the HCC prospective model).
In both the concurrent and prospective PIPDCG models, none of the functionalstatus variables are significant at the 5-percent level, although being mentally disoriented is significant and has a negative effect on expenditures at the 10-percent level of significance in the prospective PIPDCG model. In the concurrent HCC model, both ADL variables are significant. The number of independent ADLs has a positive effect, and the number of totally dependent ADLs has a negative effect on Medicare expenditures. This suggests that among this impaired population, those less disabled are larger consumers of the primarily acute care Medicare services, controlling for diagnosis, while those more impaired are relatively smaller users of such services. Because the more disabled are more likely to be institutionalized, this may suggest substitution of nursing home care for inpatient hospitalizations and other acute care services among this population.
The prospective HCC model includes a significant positive effect on Medicare expenditures for the number of independent ADLs at the 10-percent level but no other significant effects.
The addition of other variables further increased the predictive power of the model, although it should be remembered that some of these variables are not ones that would be appropriate to include in a risk-adjusted capitation methodology. The most significant effects are found for the placement variables. In the HCC models, being in a nursing home compared with home care is associated with lower Medicare expenditures. Being in mixed placement (both home care and nursing home care over the period of study) relative to being in home care is associated with more Medicare expenditures. Urban status and State are significant in some of the models. Cash-assistance status and ethnicity are never significant. Thus, neither cash-assistance status nor ethnicity significantly impacts Medicare expenditures in a model controlling for diagnoses, functional status, and placement.
Total Expenditures
The R 2 increases more substantially in the total-expenditures model than in the Medicare model, increasing 13 percent for the PIPDCG concurrent model, 50 percent for the PIPDCG prospective model, 9 percent for the HCC concurrent model, and 25 percent for the HCC prospective model.
The number of totally dependent ADLs is significant in all four models, resulting in higher expenditures as the number of totally dependent ADLs increases. Mental disorientation results in more expenditures in the concurrent models and fewer in the prospective models. Two of these four results are only significant at the 10-percent level. The number of ADLs in which an individual is independent has significant negative effects in the concurrent models but no significant effects in the two prospective models.
The R 2 values increase substantially when other factors are added to the models, especially the prospective models. The two concurrent models' R 2 values increase 49 percent for PIPDCG and 36 percent for HCC. The PIPDCG prospective model's R 2 increases 272 percent and the HCC prospective model's R 2 increases 145 percent. As for Medicare expenditures, placement has an important effect on total expenditures. For nursing home residents, total expenditures are much larger, as they are for those with mixed placement. State and urban status often, but not always, affect the results, and being white compared with minority has significant negative effects in both prospective models. Cash-assistance status never has a significant effect.
DISCUSSION
This study reports findings from an exploratory study of the effect of using the DCG risk-adjustment methodology for a population assessed to be at risk of institutionalization living in the community and in nursing homes. It studies a population of dually eligible elderly and physically disabled beneficiaries for whom Medicare and Medicaid data had been integrated as part of a previously funded HCFA evaluation. The sample is restricted to those receiving chronic LTC services. The sample size is small and results should be interpreted cautiously.
Two kinds of expenditures were examined: Medicare expenditures and total (Medicare plus Medicaid) expenditures. With respect to Medicare expenditures, the uncalibrated PIPDCG and HCC models generally do not do as well in predicting Medicare expenditures for this population at risk of institutionalization as for the general Medicare population. In the concurrent models, R 2 values were 43.3 percent in the PIPDCG model and 31.0 percent in the HCC model. For the prospective analyses, the HCC model explained a larger percentage of the variation than the PIPDCG model: 3.8 percent versus 2.8 percent. These numbers compare with R 2 values of 43.4 percent for the PIPDCG and 43.2 percent for the HCC concurrent models, and 5.7 percent for the PIPDCG and 8.5 percent for the HCC prospective models found for the benchmark-Medicare population by the DxCG software developers.
Demographic calibration improves the predictive power of the models-slightly for the concurrent models (the PIPDCG model increased from 43.3 percent to 47.0 percent; the HCC model increased from 31.0 percent to 32.3 percent) but more substantially for the prospective models. The R 2 values for the PIPDCG model increased from 2.8 percent to 5.6 percent and for the HCC model from 3.8 percent to 5.6 percent. This suggests that the demographic calibrated PIPDCG model for this sample of individuals explains about the same amount of the variation as that reported for the full Medicare population. The HCC model estimated explains about two-thirds of the individual variation that is explained in the full Medicare population.
Despite these encouraging findings, it should be remembered that considerable variation for this frail population remains unexplained, suggesting the importance of replicating these analyses on larger samples of the at-risk dually eligible population.
With respect to total expenditures, using demographic calibrated models, R 2 values for PIPDCG and HCC concurrent models are both 25 percent. The prospective PIPDCG model's R 2 is 2.9 percent, and the prospective HCC model's is 5.7 percent. Note that this 5.7 percent is slightly larger than the 5.6 percent for the prospective HCC model of Medicare expenditures. Although these are relatively encouraging R 2 values, given that the relative risk scores were developed from Medicare expenditures, more thought needs to be given to modeling expenditures that include nursing home costs. Nursing home costs (which accounted for nearly 75 percent of this population's total expenditures in 1991) are not so much related to the individual's disease history but to the event of being institutionalized. Once placed in a nursing home, the variation in nursing home costs is only over a narrow range relative to the large increase due solely to being in a nursing home. This suggests the need to study utilization data more closely by type of service and to develop strategies for capitation that take account of different predictors affecting different types of services.
When measures of functional status were added to the calibrated models, the R 2 values increased by only a small amount for Medicare expenditures (in all cases, less than 4 percent) and a somewhat larger amount for total expenditures with percentage increases of 9-50 percent. These findings suggest that, for Medicare expenditures, once variables capturing patient diagnoses are in the models, only a small amount of added predictive power is achieved by additional functional-status variables. For total expenditures, more predictive power is gained because the Medicaid costs, which are primarily for home and nursing home care, are more affected by functional status. Because this study used only three functional-status measures, results point to the importance of more research with a broader range of functionalstatus measures to investigate more closely functional status and the interrelationships between functional-status and diagnoses measures in predicting expenditures.
Addition of other available variables (placement, ethnicity, cash-assistance status, urban status, State) further improved the model's predictive power. Placement, as was expected, had a big and consistent effect on expenditures across all the models. Being in a nursing home, compared with home care, was associated with smaller Medicare costs. For total expenditures, being in a nursing home had significant positive effects. Consideration of the appropriate role of placement in the design of a risk-adjusted capitation system for populations such as these is of substantial importance.
Attaining higher levels of predictive accuracy for total (Medicare plus Medicaid) expenditures will be difficult, mainly because of the nature of nursing home costs (which include additional medical service costs and housing costs) and our lack of knowledge about the substitution effects of all kinds of services, and especially of how services like home care substitute for other types of care. Nonetheless, retaining a system that segments payment into acute (primarily Medicare) and LTC (primarily Medicaid) does not promote optimal care.
One approach to consider is removing the housing component of nursing home costs as part of the amount to be riskadjusted. Once a patient has reached a certain threshold defined by a health, functional, and social assessment performed by an incentive-motivated case manager, this fixed amount would be added to the capitation payment and could be used either to pay for nursing home care or to finance home care or other services. But for this system to operate efficiently, it would have to be managed closely, and those receiving the capitation payments would need to have performance targets of the percentage of patients in less restrictive settings such as home care, with strong financial or other incentives tied to these target percentages. An approach like this is being used in Arizona and deserves more attention as payment reforms for capitating acute and LTC costs move for ward (Wrightson, 1994; Wilkin et al., 1997; McCall, 1997) .
The challenge of finding an appropriate payment system is great, but what is now necessary is to begin to formulate a starting point. Any system that is created will require evolution as markets change and better ways to use information are developed. As Congress has nudged progress forward by setting a challenging time frame on implementation of Medicare payment reform, so we must consider what a starting point for payment for integrated acute and LTC, including both Medicare and Medicaid, might be. The perfect should not be the enemy of the good as we begin to develop ways to pay for these populations so vulnerable and so costly. It is an inescapable priority necessar y to ensure equity to the sickest members of our society.
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